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Abstract 



When a DRAM enters an operation mode in which only a data storing operation is performed, a check bit for error 
detection and correction for plural data is generated and stored. Refresh operation is performed in a refresh cycle 
which is made long within an allowable range of an error occurrence by an error correcting operation using the 
check bit Before the DRAM returns to the normal operation mode from the data holding operation mode, an error bit 
is corrected by using the data and the check bit 
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-< 7fMOSFETQl kQ2tt*>tfMiZ* Tfyi 
T-YXA x^MOSFETQ3i:Q4i:^7*t^ 
$fL-g>„ X4 7fMOSFETQ 1 2 i: Q 1 313. #5 
A (Y) X>f v*BK£flMW-st,tfrc*»>, JJB»R 

kn-^j/l-Xlii^lWiL I O 1 tL I O 1 B. LI02, 
LI02BfhJii§«„ 

[0042] ifitcto. -t>-xr>-T^Atii^y-K 

«d\ ±iE±{B|(7):ffl*f§h*-y F§|B L . B LBizmWiZtl 

-fe^^/jNfi^-S-tiiBL. ±fe#5AX^ vj-\m (Q 
1 2£Q1 3) SrjlLTD-^^Am^L I Ol , L 
I O 1 BltZ&ZZ. ±ieD-^7PAifl7JaL I O 1 , L 

ioiBii, iM-tryxry/MCiSot. oio. PI 
mx'iiffijjmzmg:Zti&. jjen-^/t-Aaj^j^L i 

Ol, LIOlBte. 70XXUT1 8(ClSft£>*tf:N 
f+y*;HMOSFETQl 9i:Q2 0*^^:S IO 
X^ -yf-HIS^LTy >f >T>T6 1 tfOATJi&ftfJg 
^#1^^^ ^Atti^^MI O, MIOBtC^Sit 

[0 04 3] ±121 OX-* yf-[l]8&<i:. X^coTKL-X 

tdxh. y>fc. I Ox-f -yf-BSKi. JrffiNf-^y^/U 
SMOSFETQ 1 9fcQ2 0O^-il-e'ixtcP^-p>^ 
yUMOSFET £&mzmm LtCMOS^^yfi 
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h -en . ±te# 7 j^mmm^Y s * >mmz x o 

«J9&;t£>*U ±IEo-^Aai^i8L I O 1 , L I O 
lB&tfLI02, LI02Bfc^:7*7Wtf9^*rfO 
t* y MSB L , B LB t (OflSa&WIBKKflJ *) 

[0044] TVUXiE^A Hi, TVUX/tyy r 5 

X7Ki/xffii. ruf f 3-^5 2fc:ffiMS*i. *4 
yo-f3-fl 1 fc^t-f >"7-r-'r-'54yN'l 2Sr^-L 

7Kl/XA* 7 7r 5 Hi. ftSN&Ffrbm&Ztl&TF 
V-xm^-A i i>nX'fo 0 . ^^^iottJ&S 

ft&fltiiimEVDD (X«±VCC) lz£ 

ERHCiOHl^^-ar^il. ±E*4 1"7- K h'54/-* 

1 2fi, »EE*EVPPfc:J;»)»fl£3-t*-S,;h.4. 

4 >"7— K H 54 1 2 i: LT . ±IEr U f3- Kfl» 

Af3-/{H7^fA') 5 312. ±ieVCLP^0S§ 
£fl§j£-T.&MOSFETQ2 3iZ X OMfWEBW^ftS 
ftS&i&BftSr-gv^ ±IBT •/ t 5 1 cO^Hi- 

T, ±SEaHKfI^YS*JS«W-4. 

C0045] Jiie^ 4 >y>6 1 «hbbee«£Ev 

tWEVD DT'»j^$t^iU>|±J?jy<-y 7 r 6 2 Srii 
t-C^gPS^Dout *>£>m7J$*U>„ ^hgP^Din*^ 
A7j£il&##j2 : .WI-J±» A7J^''y7r6 3Sr®LT 

54 bTyr (54 hh*54^') 5raLT±IB^4 >A 
HJ:fc*MIOfcMIOB{C»S^»e#£ffi|frr.&. ± 
IBffiTJV n' ■/ 7 r 6 2 c7)A7J^^(i . l"<JUSm®g& t * 

#KraJWS-frT til* Stf6£^<y)l|il&#l£^ix& . 
[0046] mzfflmZtl&^tf. ±3EiMBaffF36><3« 

*&sixi.mag«ffivDDj±. 3. 3V££i-u nsmtg 

(C«f&$a^KBE«EVPERI 2. SVfcrt&g^fu 

5. % "7- K*SU03liR«-§- (IffittE) 3. 
6VicS*l4. fvh^riJf^-y'tEVBLR 
li. VDL/2K*tlSL*:0. 9V(CS*U 7v- hm 

jEvpLTto. 9vizzti&. zlx. mtm&vB 

m®«EVDD{i. 2. 5Ve>£?%;i$;nE.l l zZtlXi> 

lEVPERItifflfiEVDL^l. 8VW&tmt 
<LXi>£\,\ 

[0047] h&w±. nmsg=Ftirt>m&ztih , m®m. 

EEVDDl£3. 3V(C$ii. rt&[I]g&(;:«$6£zl.?>F§fE 



IEVPERI i:-by^.ryr<?)iftf^m£EVDLi:5:|5| 
t<2. OVXill. 8VOJ:dlcLTtJ:^. CKOJ: 

a iz?\-wmmw± v d d c» lt AstERta* oust 

[0048] H4Wi. DRAMOU 7W v-aJM$!i; 

V>l>. a«<0SDRAM(7)'j71/7ya»i. 
(fixb'-y h<?)T-^ft^#14tC-^t.-ttT^8 Omst? 

tua. zttizMtx. *m<7>mmi,z£ix. ±sm 

*> Cl &tl b* -y h T'^x 5 - l± E C C HJSST'COlTjEtgTJ 

<V7-7&ftmJJtztt&LX%J 1 s (#) coJ;dtc*< 
L*>t.*^?.-fe;P7y7l/-y^j.^ratECCIBI 
» 5 t#L^V*f>)llfSJ88 7 /i A (aiST« 1 
0 0 u A ) ay X 5 lz±mtZi&MZ-£2> Z t tfX'Z h . 
[004 9] ±Mmi&<7)£o%V7U>yis A MMI,t. 
^SimX'COf- 9$m&ffficr>T?-X h *r—x 2r#ji: t 

(Ox-^mraJi, 0#Mi*V^^3*7J^ 
Si<^^;i:lcJ:0. U7l^-y>- J .^as^^l o#g 

[0050] tJlT. *BB6W* J: 9IfWiCS»i+i. 
OT. E C C 0S§^ft«s6tJ««t %<r)9m<nm?Rk . ffi 
?i»m7J-fb^|6jftT*JfWOSC^)fi^. ^ixfcECC 

[005 1 ] ^c7)^Bj^fl$^f>DRAMtCfeV^T, 
•^Offiv ^ <^htzhb{zmtz^:^y KaWUn § 

(C. 2 5 6Mb* -y hcOSDRAMfti. 
A12. BAO, BAl£fflV\ 6 4 Mb'y bCOS D R 
AMT'ii:TK^A8-Al 3*m^X. t¥*OSDR 
AMC7),J:3^54 h-t— H (Write Mode) {CjD^T. 
TCOXoZcA-'t-WtV— ^e-H (Super Low-Power 
Mode)*5jBjD$/ll,. 

[0052] SftfefUtol-ia— K (OPCODE* 1 
0) ti^l>-rt-r-- (Sleep Mode) "C^O, X^^/s' 
4m8SSr^-CV^rtgf!«j®^ff±-rs. £<7)i:§. X 

igftP^i. f*tc03 5. 03 6Srfflv>TSJHfl 

T€>. Sfc. ^coxy-r^-h'cot §wi. i*os 

C (^iglelK) i>f^03 2\,zX *)Wm-h*Di>V—7 
(Cell-leak Monitor) @8§CW9#^-S . 
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[0053] jEJuSit^^n-H (OPCODE#2 
0) -btWJ— ^t^t- H (Cell-leak Monitor 
Mode )TS> t ). S C ( b^7 >J 7 >y ^ * Wp^fig 

JB^ixSOSC) Sr-fe/Hf-?^-:? (Cell-leak Moni 
tor) 088>vB} 0 # I & „ ±tB7 'J - H ( Sleep Mo 

de) <ofc£kiBjtre*.g>. 

[00 54] iijD3iXJt^3- H (OPCODE#l 
1 ) «i. ECCyyHD-At-H (ECC Syndrome Mod 
e)T'£>9. ECC[I]S&£vS1£ffc£-£&. 'J-H (READ) 
^>Ylz£V I /oizm&ftZtitzT-fZWMmz 

t£. fBfrt&Bl 9£*£ftfcJ:o&ECC»90fe 
(i, fl-f-S^'H (vvfWOlO D-H (READ) 

^OJK0^7b*»ff*>nS. iSih'»/h64t*7 hS-S 
#aX9&tf>Jf. VN°'Jx-r t'-y h8t'.y h*iy7M/y^ 

flHB t* -y h 6 4 b' >y r-&tm 'J -f 4 b* y h 8 b* y h £ j£ 
&K9j2^l:f*HN*7 2h*7 r-^^Fn-ASH* (« 

[0 0 5 5] iftlD$^^3— K (OPCODE #2 
1 ) (±. ECC^yf-ft- H (ECC Parity Mode)T'£> 
0, ECC®ffiZmiHtZit&. v4Y (WRIT) n-7> 

h tz x o >-7 h u isxfconmtf i /oA^^a^ 

Sit. 1%m2iitzTF]sX'\m&£ti&. fcfc'U zco 
x-7V7.7fP§-DQM(;:<J:|>^77£-r.?>,r£: 
jW&Bi: 3*1.4. T r -7-777ft5|-DQMl;:J;4-?77. 
J'LTl^^, a^c7)5'f h (WRIT) 37yHtf2 
I83*U I/OA' 7 7r (DQfy) A^-f-^fcBXr) 
^t§£3*t/£TKl'7^«i& 1 »£fi : o . ±12^3- 

k (opcode* 1 1 ) tz£$,/v)T<mnmz'rt 

v\ 'N'UTMb'-y h (*fcfcb'-yr-) U-fe/l^SSi 
tffc«>fiyB3*l4. 

[0 0 5 6]ftftSfrt:(l CTxfcf. UiEHl 9<DECC 
InlKOfi^-P^H (A>f|/\;K h(WRIT) 

<r>KV*>h. Cl^t^fl-f-SttL (o^l^C/l,) 

liy7M/y'X^£Ortg*>"l b' y r-^>3I<J:fcti:fr£*x4 

[0 0 57] iUra$ilfc^3— K (OPCODE #3 
1 ) J±. ECC31/y* h^— K (ECC Correct Mode) 7J* 
£9. ECC@S&£ffi<ft-ft;;S-t2-4. y7M/y'X^Cg 

Sr^fTiEMS-ri.. JbfBOPCODE#l lfc«k4>< 

yvci-AitM.mz?fd. Mtmt,zi±^ mz.it. ffitm 

1 9c7>ECC®ggc7>fi-5|-CA<H (A>(W) (c^rO, 
'J-K (READ) 37yHl:iO< I/OAT^x-^fc: 



4. Z\<m.. ?4 Y (WRIT) 3-7yHSrH^f-m<«TiE 

fc*£U ^fiffBECCVN-yf -f ^r-K (ECC Pari 

ty Mode ) tmU. -f-7-?7.7fI^DQIvH;: J:4V7 
7£-T4C:£;a^fc 3*i4. ^<?Dfi-?-DQM(cJ:i9v 
77£LTW5:Vtfi^ }I?S<05-f r- (WRIT ) 
£ISti£*l4. 

[0058] _t£-fe;H;— (Cell-leak Monito 
r) Ht"b;P7 Srff itt" . IHSfflTT'fi 

iomj±<7)^mm d 7 w ^^mrx-% 4.029. 

,I«D*SSs «r£tf> j; 3^-7-7. h-7 

fWt3S#tf>t> ttW 0 -7°(Sleep) r-'Tb/U7 U 
7 1/ y ^ftill *<7 1 0»J2U:O«jajlB »j7k7X 

fc(cJ:0. Bl4<0l*ttEIfc*LfcJ:a*DC«a 
(I DC ) t , J7^-y>'AfiW8<0JIBI«Hbfc«v^fiKSii 
6. 

[0059] ^co^*. H4co^FttHtctJV^-C. 
SICC6 ( ff^BtmSi ) co&mx-* LtiXolzVyv 
•yi/y.fflM&cftm±. ECC®mz£K)#-Xmiic:® 
ixb'-y b(Uil-bit)cr)'?X7£'i7 0Z t . -tJUV— 7^ 
-70S5(C «t S^JfftiO S c t*»*»s-fe;n; -7*^7 
0S|-CtO«^W5:f iJffl LT7. 'J -7-*- K(C<tSDCffi 
JS*ffl*^i>tir4ik-e, 1 OuA <mmX'l£3 . In 
A) COid&jfiffiiBgmSS (Super Low-Power) *S*f£T 

M (77x-f 7^IRAM) (cEi&Srrs. 
[0060] H6 tCti, S2(s:0 S C<7)^mM^mi^ 
tlX^h. 7-v;^««. RCft®R(ci«jlg|iiB 
(RC-Delay) (C J; S^ffiUJSStCj: D 'J 7 W ^j-ilM^ 

7) TfcL b^'J-7 ; t^71IlSl^ffl^T'j7^-y>' J . 
WJCft < IS5e ? ^4 . 

[0061] 07 fcltt. rtSPm®fiO*t®^0^§n 
TVi4„ 07ttJV^T, y^Ttf-ty (Full Active 

) , T7-T4 7 (Active) , 77^^ ( Standby) 
^03g|lg•C-F , i^mi!Stitt^*W$l|al^^T- ? TV^S. K 
o»7>-W (Drowsy) @6<OS3(s:OSCtJ: 0 D 71^ 
•yv-j-SW^Sr-rSt^^. m^* J ±^'oTv^tt^i: 
7h-y7 (STOP) Ji s ^^Cff±LTV^«ffi 
t$rl4. tztzL. &±X'Z%^%MimfrtlX^&. 

ztit>c?>zcr>ztiz, mzm3 4zm?$.Lxm B nt&* 

[0062] i8t;« . K-XV 7 U- y 
^ilTV>4. ISJHCfeviT, WSMisK-TWH (PAUSE- 
TIME) . ^{ijBS-fbL^«7x^;Ub'>y hgS:*^^ 
tlX^Z. |5|0{CtJv%T, 7-^;Pb'yh (Nonnal-bi 



(9) $32002-5667 1 (P2002-566B! 



t) kWttL&*i;*-ttlBbn*>Z.&tl\:<rb (tai 

i-bit) tm£ti&v<i—ftm i: fF&th. #b-yi- 

4. ^hZ&tlh'y h (tail-bit) m±$)0. 0037 
%W&. 6 4Mb' y r-Oi§1^ #>25Kb>yK 90% 
tLhOb'-y h«*-X£;Mil 0&J^2b*fciW*>S, 

JHUdK-CSSrlr*. STfeiBtfltfy h ( tail-bit)&£ 

[00631 09 >I<Df6HJ§t;Hl& EC C3§fflf&<7) 

#-Xy7W^*«ttj&^§*l-0>S. Witf, flpg- 
*2k<02«TjE-C^C:(3rixh'>y b (tail-bit) JiV 

x y T-§ , y7i/7 x-mmiz i »a Tffi*t-4 i t a* 

-tfU8 0msgJ£i3:9. #*(C**t$rf-yTfc LX 3 

0 0ms (LiftifcliL-Versicn) <0i>c0£jlJ5'J-r-l><r 

[00641 11 0 ;K-X'J 71/7 v-A«tt«ffl 

ttx*^— ) 3&ns^iaaib*<y h (taii-bit) ty- 

V/Ub'yr- (normal-bit) fc Ttt 2fg(2 fc'il 3;fctf>, ffi 
-C£l>. ECCHJg§tJ:')j?*>^{mb--y h (ta 

1 1-bit) fc-?xyT-£;rt<f, *<n%m±zt > i l zmfe^& 
ztiz%&. zcozbizmsLx, z<n%pnx'\t. 

•th i. o%im.*:-?®S&b LXco-tfrV-?^-?® 
[00651011 (CfcL ^-Xy 7 1/ >y ^.x^ttOig 

St, amua«^£QRh.tf v h (taii-bit) , y-v;i^b 

7 b (normal-bit) <T)V— X r-ilT&S. 

($Stt*fcx*;Mr-> jWBfc£Br*ib*-y h (tail-bit) 
fc7-7^t'7h (normal-bit) fcTti 2fgJIfjI3 . 
S5^»ier/tb*>y h (tail-bit) ~0. 3 5eV, y-V 
/kbyr- (normal-bit) ~0 . 7 e V. Zilh— &W3r 
et'J> 4 . i co i a fcSfc Z (Zti b -y h- b y - b' -y 

[ o o 6 6 1 03 3 tcti, * x v Tft&mmzmw-f h 

tz^Wmif^itX^h . y-V^b*«yh (normal 

-bit){isi02 (^ua^tjK) mmizx-*hm& 

( 'J H ) r- 5 -y r^fit J: 

I.SRHIS (S^*S) iWWfcSr*. ^tC^'V 



^f-ti, **70. 6eV (^Eg/2, S i (y'Jny) 
<0*§£Eg = l. 1 e V) t=2r 6. 7eV 
fc^L***>^£fc 4<3UaSMah 04 003 3 
(a) i«tS*^T£>S. fi2M#<0*S1£f[;x*/P 

[00 67 1 ftiCML, ^uffflt'-yh (tail-bi 
t) H#»£4*ifc#ar$-4*£»CJ: 77 
(IE^^tt^<. £3 of.*;) fciifc 

fcT*fc«BRtf5h5-y7lWt*Sl*-tft. Si 
V) 4>cDCu (i)^Fe (ft) 
£ O < 4 ^ fc tm h tl X V \& . 41 co b* -y h *i t ->XfiB 
<OS, JpffiCJ: 0tS-^U-y«gE{i«nlv^c7)(i&t4^ 
mm 8 tc^i otc b y h(I*coj|;frU:*#&A 

[00 681 Z<r>$mmtO£5tZ* f&hZ&tOz y h& 

ECC[siS&-C'vy > yr§^tim(i. ttcom r )X'fo&. U7 
l^-y^A««ai*fc:IH-?-4fl!W)iftSHftTro-f-i: t 

blz\/ — "9* — y j. — XH1S8 (ROM) *f-X?§ 
*> i StL b -y h S-^-tf 7- h'tttt 'J7U7y iiSX9Sr« 
< . ***V^-H«tt«<-t*S!l«l^-fe/P7 U 7 l^>y 
i/ A ^ftc^r 5 ^•C'J) S . Z o -f h Z b X'M.M1-±.(7) 0 

[00691 HUIS04 <?>mEmiZfjk$ix& XoiZ. I c 

C6ffi®»m{i/h?vv ^mmcomm^< L-trat* 
{j b ^ t*<o»7- f is^'Mjaw u y u -y >- ^c=5r o so 

*ftarv\ o t o . im*mas*mig&* b&xo. vy 
^y^y.mmii.mMmizm.ML^ftiii^^^K v 

- Vmcr>£ o (cy<^^b-y h&GLX'&h b , ^-X|?^ 

cjjiibyh (ausn^o. 0037%) {J^:^^ 

CO»7-m (64Mb y hCO^l 6Kb'y K K«V 

- KS^T'CO^^ yy- r-'H3r4> 1 2 8 K b-y hft 
4 ) C^^ft LX^&tztb. JljWJbli 'J7l"jri/a 
^^5: 80msH350ms fUgC L*>[S]±T'# ^i: 
V\ CliKi:, tf-X^| • fffiOfztblZ. U^ROW 

(x^) ®cmzi>tz^tzi%i*;bmizbX'hz>. 
[00701 h^cop ( 7D-7- ) tmjMx°\±y- k 
is i *<r t jc-k-xu 7 1^ y j.ayssr^^^w*^ 

m^^i^-lf-flJBrtft^tm^^^v^ 3^H6<jtc 

co±C v-F&z-blzmihixtzi'—f-yjL-X® 
Sg ( ROM ) tfi&gb $it, «J y lx y 
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[oo7i] ftansL i c c 6mmgk*%m(?>&tzm 
ecc^ (*fHH) (cH9(c*rffraE*f#. areuy 

ifcX'Zfzt LTtVRT (Variable Retention Time) £ 

s. 

[0072] VRT(Variable Retention Time) fcli, 

ztnakLxnwtemmxzw tt'7h 

<0tf-Xy7Wi'.iC0lSatt mz-fet 

4 £ . ssuimi t v \$ m&x t . senate 1 s t 

StfmrlJKej&cMSh'-y Mi. {Jt/tt'co^-y 
[0073] W^fl«SIS^C7)Mf*T*ffl^«t'-y r-cO 

*--x y 7 v v *s j.mjico$£mzwm-t&z t iz x o«8 

•y)- (Normal-bit) <D|f|;*j (0«;Uf 1 1#) . »V^i 
sg^Cltfilb'-y r- (Tail-bit) COH^J (|yUff2 2 0m 
s) i:^o^2oco^4o>tSl^ffi^^o^O*^0-r 
& idCSSW-S. ZcoMm^. ZcoXolzr-ffc 
^Wffa* i »T S f -y r- $■ 3 ;>< -y h b' y h (Comet-bi t ) 

[0 0 74] ^-XH**SW>41J^y-^«a[ 
Ji. «9aH3 3fc:^rrJ:5*^PBt&^Lfc«rc*43t 
VRTS*<i. M^^j^HT'-e^h^-yXme* 1 

mm tti*) zihtit: zt&hztztbtcmz&t^ 

z-htih. mUi. Si 02 (^Un^ftftB) *S(c 

M^i^-Jii t , H (* 
«P ) liflEKU LT h 7 y X^{£A*JS£>it& 

-Zfcfc&S. ICS i (y'jay) Wzliu (*SJH 

K(£f$JB3*u LT h 5 y T^fttimiSS-f £ Z t 

lz%Z>. 

[0075] *k»lSia»*#i £ t , *S£xjM^- 



^Hi*x*;i/^-(i, mztimmizwr.mx'toz. 

L>tiZ>Ztlz*i:h. (jUEy^WxA* 
tf) fci*U7^-yS/jL«BBE*tt, VRT5MW«*ft 

LTt^ratv^-fti^-XH^^»r4b--y 

•t h am £ iSa&lgti p ^xst-sijs 

£it&. %<r>tz#>. ZcD&comxm x±z 

zmxhuxtftoh*). ®ir.ff a zmm-rz>&vgx$><i± 

^mtth. LtztfiX, ;K-X<7)ig*> < ra'fth'-y h$- 
vx^t, y71/-yv A jgW@«5riai.C:i:*^ril^£0 
«iHH|W£ E C C 0g|W^ V >o T <t l\ 

[0076] -r^*., EccniKt«ky^c:(3rtih' 

•y h Sr X-fh Z t X%tbX 'J 7 1^ -y * jUJiffiJI* 
IMI. CI t *^T-# h.m-hZ 12'il t' >y h {±?SSfi!c#14*>V 
t' -y h t < S'Sr 0 . Stt^bX^/^-T 2 

^{5i:'t>3d. L36»fcffiSW*WO. 0 1%OTT$>4 

C(?tlh'-y hlzM^LtcV-^b LXSfeLXKZ 

zttfX'%%^. Eccmmzi *)m*>zi3:ti\z-yh£ 
-??x-$hztx\ y-v^t'y y<rmg&WMX,tz*L 
)V y - ? ^& - ^ ®g& $r f ijffl-t 4 Z t ifi? # . 7 - h* 
•y h<^tttt£RI$L^-te/Py-;7^x?08§i: ECC0 
S&h Wfi^^-ttlc i 0 , JJE 'J 7 1^ -y ^ a9 

[0077] HI 2fcte. tWTjE»# (BCH^f) 

^$<XTV^. j5*>d»ilb' y h (tail-bit) ^-?X^7 
-f^Wi, fff!2k, 2«fTiEJiLh$)ii{±*J:^. ^» 
tfc-)Tflffi4k, AmisEhizW^-Xhh. 
tiz, ( n ) frflOTfcflv*, ITJEb'-y hgc 

(t) l>itmLXM*Z>Ltzi3.otfiYlE1&j}li±.tf2>Zt 
i>bti>&. Z<7)t%. A-ijf^t'7 h<i*4 0i8JDLrj: 

mmmm mms.) nxtfcjt«LT«jn 

[0 0 78] 01 3tC«, tMITiE^ (BCH^) 
Offlfgb'-y ( k ) b'-y h (n-k)OM 

Zift. *>i ti:5C^b'-y h{i2%SSC, ^S. #JD 

•t t 4 x y rco-^-f xtic: coia^ l # i ^tc^r 

Mitf. *HHI4 k£7)4arriE (^y-f ^ b'-y h5 
3b'yh/4k) ttzii. ^*2k^2aiTiE (A'J 
f ^ t'»/ h 2 4 t*7 h/2 k ) i7)BC H»f II ;«0i 

[0079] 01 4fcHl 5^{i. (72, 6 4 ) *jr# 
((giE^Ns 1 b'-y MJjE2 b' y r-^tt5) 

^?|J, &3Effii«JcO— CTf5b' y Hv^^->0^$ixT 
^4. |BI0*^Sfi|$itl>J;3(C. 8x8fffiJ^MIUS 
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Jd=5:8ffiS;<ofc£. 8x8^J^H-»IlISS$rJ#*>. I*L 
wc, x(i^fts. Yiigss. pji^b'/h. sit 

[0080] 01 4(c/N° , Jf--f b'-yhiOfhm^J. 01 5 

h<?)X\ v-yHo-jU7-'=J-^-^J;0i^0SrlTIE (x 
[00811B16CI1 Cl(7)^tfflV^tLi.ECC 

®$&co~mwmcDW!&®&mtfmztix^z>. z\<r>mw 
ma. mmi 4Rismi sommwAzttfcL. mn^ 

S (72, 64) $mcr>E C C IhISS (^-(WS 

-f-mSS) KfaW^ftTVS. 2 5 6Mb' y F<7)SDRA 
M ( x 8 ) IzmmLtzifrS. MTS^-FcOtZ. YT 
V\/XiZY9£X°&ZkZtl&. Y9=Hiimjf^ b'-y 
FxyrtSftS. REG1I1 *7A7HM5 7f 
-CS>0. REG2itf-9Xtlh'> ; X9X'h'0 . REG 
3 (ir - * Is 9 X'h h . 
[0082] d^ECCHlSS^ViT. ECCy>"Hn 
-2^— F (ECC Syndrome Mode) <7) i; # . fl^-S 1 =H 

XtfWr4 b'-y FT'£>*Uf ( Y9#H (;vf U'OlO 
T'&S*^**) . ft*!-S2 = H (Ml^*) 

ECCA-iJf-lt-H (ECC Parity Mode)cO 
fc#, fPrP = H (;vf K/W) fc§ns. ^M^y 
X?£T (8b'-yF) Zmmz'r-fliiJ3l<'> s AfRE 
G3Hai:frt&. ££>(C ECC3I/?H-H (ECC 
Correct Mode) ft^C = H (A^P^) £ix 

yyHn-Af3-/-Ki OITiET— ^Sr I /O 
*X Zft Ltf- 9 ttTJ U * R E G 3 fctfcW h . 
[0 083] ITiEIJtfl^fcVvC, yyHP-Af3-/ 
-« v F* o- A; ^ - y fcfev ^ *) -r- * O Y T F 
x^-h-fh. U — F (READ) a-v'yFtciO-e^-r- 
^2rM^tilLT. Stt^OffiS^'H (;v>TWOU) 
nTV^SWX* (8 b'-y F^VvTfUOb'-y F*>) , fTIE£ 
^x-^AH/OAX^tB^fU ±iiT-9tH^U 
iSX9REG(,zW.*)&£il^ y4 F (WRIT) 3^>-FHC 
iOiTiEx-^AMt'JTU-f^y^-f F (RE-WRITE) 

[0084] 01 7(CfcL CCO^B^cfflv^itl,^^ 
2 5 5 b'-y F<DjK[h]^$ v9Vft<r>W%W&<T>-- m$m 

e>wm\Bi8§mi?mZiix^&. z^wmrxm^s.^ 

7-&^<r>lZ$Hfh£j8.$>mi£lt. G ( x ) = x 8 + x« 
+ x 8 + X 2 +ltZtl&. \/O^X<T>\ b'-y Fd't 
tc 1 88 ( 1 088) f£«tA>*tS . I /OJ^xtfx 4 b' y F 



=5r/b41US&. X8&£>8[ll&&t£tt£>*l.l>. 5r£L 18 
(ESS) T^JE-rs^ti. ^5Wi^'JT/i^81liI8&£ 
I /OJ<xi:*®fficr)mzmt& X o iz-ftilf J: W 

[00853 zcDm^Mmmza^x . ecc^hp 

— A^E-F (ECC Syndrome Mode)c?)i: # , ff-^S = H 
(yN-fU^) tJjiS. ifc, ECCni^^F^-F 
(ECCCorrect Mode) (7)^^. ff-^C = H (A^l/^ 
;l/) fc^iil.. ±Ev^-fii^-Fc?)i:^t>TF'L-X^ 
WA-yf -ft'-y FxUT^T«$^-?». i^HtrlB 

01 6^]!fSMt|5ltX-$>2.. 

[0 086] 01 8(c«. ^O^BfltcfflV^tL?,^* 

2 5 5 b'-y v<rmm^^y9^<rm^\m^<r>—mm 
m<r>wm®$kmti^tix^h „ z^mmmn^stL^m 

jfti, G ( x ) = x 8 +x< +x 8 +x« + it-$>i.« 
H?ifBl3l«tc I /OA'xw 1 b'-y F ri: lc 1 WSLIrtiVW 
vkZtl, X 4 b'-y F*fe4«, X8b'-y F=5rA,8«Kft 

^a-S. m£|S|«tc. l«-CMJE-r-&fc:(i. 
'JT/l^lUSS^ I /0^'xt*@S&c7)®(ciS{«x{i'J: 

[0087] ^CO^JSCTHISS^V^T. ECC^yFo 
-At-K (ECC Syndrome Mode)c7)h&, fi^S = H 
(J^UKjU) iz^tlh. ttz. ECCA'iJf-ft-H 
(ECCParity Mode)cOJ:#, ft^P = H (^n^K;!-) 

jiiav^m^-F^h^trFPx^i^* 

'Jf-tt' / FxUr*Tt£A$ni.. ;ii(i|ifie01 6 

[0 088] 01 9(c(i;, d<7)?&BJitcfflv^tiS#^NI 
2 5 5 b'-y Fcomll]>'^5>'^ : ?^^ECCIIIffi (&*Ht 
«#@») O-Hffi^c7)«lB&|Ilg&0*^$tl.TV^. i 
coX^JW^^^Ii. G (x) =x 8 +x« +x 8 

+x« +ix-hh. mummz\/ortx<r>\\z v fc: 

t 1 W^^ilTVM. . I /0^*X*5X 4 b* 

*F$:64ML X8b'-y F^r^.8ai§(t'oii^. fflE0 

1 7, 01 8<n$mmfrbttfrz>Sioiz^ $mtt®g&. 
^^{s^:^fc'ftffl•rl.«I t#-e# 

[0089] i<OSdtWEl»fc:*JV^T, ECCyyh'n 
-At-H (ECC Syndrome Mode)c7)i:^, «^-S = H 
(y\-f I^rt') t^ix^. ECCmjf-ft-K 
( ECCParity Mode) <r>i:#, d^P = H (A>(K 
;F) t^iXl.. ECC3l^?K-H (ECC Co 

rrect Mode) ff-^C=H (A^fK/H fc^ix 

mmtnux-hh. 

[0090] ^mtmmitti^jmx'h 0,016^0 

fflimztt^&ZWck 2 5 5 b'-y F ^T-MffiT'^ h t ^ 
0Z\ttfX'Z%. mtii, 6 4 b'-y F^>ffifgb'-yF$-aX 
0i2^>tf, ?¥^*7 2b'-yF (A'ljf -f 8t'7 H 
-fhft^tiLZ LtcZ klZtc*). 6 4t'7Wffift'yh 
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RT/Wr -f t*-y h8t'7 r-£BX9&tf>«£, #^7 2 
h*.y h izfct Z t fc£ 0 . 0 1 6 izM L?t 

(7 2. 64) ^i|EPlO«fig£#-fft.rfcK&ft. 

#ft*!lfC&<. -CITIES 
KSi <^h.fte9T-&ft (AC>J r <f b'-y Hi8 t'-y FH 
5g) . =5r*5, BCHff (taSTIE) c^if^S**^ 
HISS«B&{±|5ltT*fcl»„ iiT'tifSmco^ft. 

[ 0 0 9 1 ] 02 OKli. icof^cffl^ftft:}?-^ 
3 2 7 6 7 b*-y h<7)jf[IlyNS y^^ECCHJSgcT)- 

G (X) =X16 + X 12 + X 5 +lfc$iX 

ft. z<D±f$.§>mi&i3.. cc itt (ffl^mdmis^ 

®S£) ^ftStCcfcftktfre&ft. Z<D®8$T$>ittf. 
tt^4 kt'7b. 2 k b'-y F"s*> g[*3t*fJST-# . A' 
'Jf'f t'-y F<Dtfc&kT#ft (A'ljf^ h'-y Mil 6b' 
>y bH^) . 

[0 0 9 2] ^<7)%BBcfflV^^ECC0S§<7)ffi^* 
Wmm^tLX. 7T4T*m (Fire code) #±{f 

t£SM~J: 9 7-v;H^T'«±l.i.^*^^h'-y MS5^H 

^ 5 > ^flp^tc it« u^-'jf-f t* -y h {i«arr ft . 

-X^FRt'.y K £{2tt.b'-y Mitt7 >r ^ 

(unidirectional error) X'fo ft . 
[0 0 9 3] iOdt*^. X5H*aHfe&fc-W74fc 
A-#-:ft-5§-(Berger code) &m*--£t>itxm 

Sr^fctJ-Tft t - E C/AU D E^(t-error-correctin 
g code/all-unidirectional-error-detecting code) 5: 

?Cffi.k LT. Fire P., "A Class of Multiple-Error-Co 
rrecting Codes for Non-independent Errors", Sylvan 
ia Report RSL-E-2. Sylvania Electric Defense Lab. 

Mountain View, Calif . (1959)#& 0 . ±.M'*—*f—ft 
m,zm?h3M.h LX. Berger J.M.. "A Note on Erro 
r-Detecting Codes for Asymmetric Channels", Infor 
o. and Control, Vol.4, pp. 68-73 (1961) ifihh. 

[0094]i2H:ll ZvmfltiZ&hSDRAMcr) 

<^ft. zom&MX'it. tm<7>sDRAMtwimi,zs- 

v/kfo— v a y^m^^)vy)yv y^3.\,zxh 

Wfc. HU?ftat LX ( 1 ) t^l/vi/zJ!??. Ztl 
lz£ 0 . £b' y F <9ffittm?f ft i ? fcf ft . * 

LX, ( 2) b>J 7'J71/'/y^-W. (3)b 
'J 7 U •■/ is itt^C^frtft „ •ICOb/U^'J 7 t' -y 



•j7P-y^*^-F$IT$*, f£*&JIJ:LT (5)£U 
71^-y^jE.Sr^SfeLT, 7-^)V^V—7y^Vi,Z\%% 

i: * fc«JB-$-*±TWP» ft . 
[0 0 9 5 ] 02 2— H2 4K13U i<0^^ftEC 
ClDJSS-ffiV^^ -t 5 -y ? RAMc9T-*£#yT&£ 

«(±, 2 5 6Mb'-yF<9SDRAM (X4) 'VCDSffltflJ 
*%c$ft.TV>ft. ECCHHSffcL fflEHl 9^M@> , n5 
^ft-t (72. 64) 4***Y;fr|*|K»j£U ^'Jf 
4 t'«yHiY*i*iCtilS$itft (H2 7«H) . 
[00 96] 02 2(Ci>OT. y-V/M-^ly— isay 

ft-fe/Wy'Jy^ y^alcAftfffcs flttSSi: LT<3)^:t* 
7h';7l/7yi^3, intcj:*). £t'>yF<0fe« 
®t*Srlitftid(C-rft. iO&COECCi'i'Fn 
-4.^- F £ jOfc-Tft „ I<0©ECCyyKn-At- 
FT'fcL 'J - F (READ) 3 W Hfc j: 0 1 h'v h-T-O^ 
gPT6 4h*-y hM^Hi-r. 8ECC^Jf<t-HT4 
^Sit^8f yfC0«i3fcb* yh5r7-f f (WRIT) 

[0097] ±|H®ECC^>-Hn-At-r-'i®EC 
C /\* U T- -f H 5r355tc» 0 M L , ^:h' -y b Zft^it 
■Tft. H2 3tcfcV^-C, ^f-^xy3-«7c« 

)i>7 >j7]y y yi^- r-'Mfe^-lt. 

-^-YX-cn+Dvyvyis-vi/^^mth* z<?>x— 
y\-D>7y\'V-^- VX'V7l"/ is^mmt. WJ — 

?*:~?®&x'fflmfiffimzti&&, imftxim 1 o 
lu^t^v^ffit^^ft. ^(7)fc§, m+'J7w^ 

* J Hlf£§/t, ^t' y h«0l/7U «yvi3&«$ITLT, ^ 
$k^)7V''y>'^tm^tLh^.X'ffM. ^'OMtciHU 

[0098] ±fe®x-yN--o-7y\"v-*- H*^y- 

V/U^E- H fctRflW-ft , ®ECCyVHD-At 

^tpoN * iftjgs tix , ft»wm&mimft*ff t> 
iz-m%nm&mitfF&mtfmit>ti&. ®x- 
rt-uwy-^-vizRz.x. t/uv-rz-fmsz 
^fflv^v^ i mm.<,z V7u-y ^^.mmtm^tttz 

mii-?:<7)££lzLX&<C0X\ tB'^-^yBffflt P 
ONcOig^ti^ST'ftft. 

[0099] ^^N'V-Tj-y^JtPONgSf^tc, 'J 
— K (READ) 3>'K{cJ:'972t'y h^K^ttJL. ®E 
CC31/^ ht-KlCAft. Z<?>®ECCr))s7 h*- 
FT-tS, 'J — F (READ) 37VFi:7'( h (WRIT) 3"7 
>FtcJ;0. 85te«*.c:<i'ixb'-y bcomiiTiEZfT? . 
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£COi5KLT£b'-y b&m-f&. ZZX\ 02 2R 
T/02 3. 02 4^t>{t?,^-ft^fI-§-^CfcV^T. £ 

5 6Mb' .y r-cOSDRAM ( X4 ) wmRfflifimZtl 

-o->6. eccehwa. waai 9<7m®^$ 

(72, 64 ) ^SrX^ftCff&U b 

[0101] ZVm&mX'li. ECC®$&\(Dt-?M 
O&^SrXX*^ >TffitfJ:v\ ^JI(iMi502 2— 

[0102] HUIBH2 2-02 5(r>fmmmzi5^x. 

2 5 6Mb'y r-cOSDRAM (X4) -^cOjfiMflajfc Ltz 
A>\ X4, X8, X 1 6**kmX'*^)J-'VrWim-tZ> 
ir-xtf^tztb. ^-ftl<r>mffif&<r>mizX' tfrlBEC 
Cv-y Ht3-A^-H s ECCA-iJf^-K, ECC 
h^-KcD3^-K4>{;iX4^- r-'£3:&i:-rtl 

imxcoiir&izttm-tz z t tfx-z h . c<oiiT'ii 

[0103IB26W1 £cO?|BJlfc#l>ECC[I]g&£ 

tzihnfJ S^aa^fxTV^. .TcOHSItfiiti. 2 
5 6 M b' y bcOS DRAM ( X 8 ) ^ioaffl0IJ*^$^i 

-c^s. ecc08§«. ffirieiai 6o^ie>'n5>-^^ 

(7 2, 64) £Y:frfa£lfj£U A-iJf^t'7MiY 

#ft£ifl££ix.?> (02 7#ra.) . 
[0 104] Z<r>m&m.zte\\Xis . «*WKI41WEH 
2 2~2 4<0HSS#]i:£<llt#]ifc£:ft.&. fc*£U 
*HJ£tflJcOE CCHB(IS) H8t7hSlt>f^ 
•CB!S-r*fc*>. JJIT<0jS»»»S:4. ( 1 ) 6 4 b'-y b 
cOT-?£JR9iitfco(;=8-<M f/UX-fttscolzttLX, 
mrfS02 2~2 4<7)HSICT-Ci46 4D->f ^/l^gtSr-S 
i>Wfci>. (2) ECCrJl^h^:— F (ECC Correc 
tMode)cofc£. YTKl^X(AA*VCi>iS2&i:£;fi.S. 
4fc. 2lM?/l<tf>!J — K (READ) RX/yj b (WRIT) 

[0 1 05112701 Z<7)$tmz&&DRAM<r)— 

CTfii. ^b-y bofmtfYJrftizmmztiz. zn 

[0 1 06] B2 8(Ctt. Z<r>%.tylZ&&DRAM<r>m 



cO-HSfcfltJCD;* t'jxij T* IJJ80*^£ tlX ^ & . i CO 

c*ui. mmm2 5<7)mmmiztt&Lx^z>. 

[0 1 07] I229W4. ZCDftmzffi&DRAMCDm 
co— HKPJco* t'jxij Tf "Jffl0 § fXT V ^ 3 . i CO 
2SttWC«\ 8B£b-.y b#Y;frr6H;:tfi£$ft£ 0 -Icon 
SSCTTii . 8 b' -y b &®.X'CO!imtffthti2> flfi £0 2 6 

[0 1 08] 03 0 £12:. ClcO^Hfl^SSDRAMcO 
HtCffiJCD-SlllfctflJcO* t'jxij T f iJfflE*^ $ tlX V i 

iOSdtWCii, «Hr<i- (product code) cO®fflf||T' 
£>9. ECCEBii, fflf£02O (JK0y\Sy^ 
-^) , (2 064. 2 0 48) #-^&X. Y^faKJfjS 

-thmizmthtix^h. 

[0109] A-iJf-t b'>y MiX, Y^m^tL^tllzm 

skztiz. j\$.>yftm-zwx*it i b-y htTiE (Wcm 
M3 ) ZCDX o izfm*§-t Lx&m-?& tMc/m 

<04«UjEkH*on'jEiB*^»4. 4aiTiEcOBCH 
A'Jf^fcV h(4t5ff|3It.T*artf. -IC9%£-. 

Ecc^a (flp^fc- a^) ts-rs^-f fjvmfima 
-thztizKh-hK ftm^itEccmmmz&Kix 

%-HHz&\,v7)X'&mit%^t%i.ti>ti&. zcnkots; 

X h x 9 - i ITiE^T-S) h . 
[011011131 ictt, Cico%BJfcfflv^ix5-b;HI 

cO«-ffifii5:M^$-t*:4X-f yf-MOSFETQl 0~Q 
18. Q2 0~Q2 7SrS{fT. hUS^fl^TRM 
1 (0 — 7) , TRM2 (0—7) tCiO. X-f y^-$IJ 

mtffthtiz,. ±is h y s yrm^-TRM i(o- 
7) . trm2 (o~7) a. mzmmztiK^tK V 

5. 

[0111] JlIEX-* y+fflitZ X *) . «ag«EVCC 

Jl{Cs£fLSmg£$-ifflSL. Pft^HMOSFET 
Q18t. Nf-^^;^MOSFETQ2 8coy— 
K y-XSlffVPiVN^?t. 

J; D P J-a> V*)Vm.<r>W%iWM O S F E TSIXN f- 
■V V^^acOmSEMM O S F E TcO«Si[|gS ^« 0 . « 

Evrii -b;^y-^^^^co7t^6coa^tl«ffT-$) , ). 

WE V C E L Ut* * ^v-^ tC» # &t tl& A73«ff k 

[0112103 2tcJi. 1 rc7)%HJt^fflv^^>f^|,-^:/^y 
-^t^^mss^fflv ^^fg[Hls&co-sl^sCTco mvmifi^ 
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yf^mm^xm&t&ztimste&h. -tr/wy- 

?^-?WXli, 1 i> 1 0 by M2LL£fc*|fc: 
S^L. 5 0%7x4;i/ttj£cOPNi£-£y--?!»ttiH# 

cell (#ii^«BE) . tffvR ummm . «at 

■*-*H=/H(L ^S*4S»=J: 91*7 
[0113] dhWta^C 3 0 ( C 3 1 ) comfiEfr'S* 
«EVRj;Offi<^i.t, «Elt«IlIS&c7)MOSFET 
Q3O*^>"«®i:^0. -f WN'-^HIS&N3 0i; 3 1 

ifflKTyvy-hm&ZMLXMmm&Deiy izm 

jfcTS. i^n^l/K/KTli^ti. MOSFETQ35 
~Q 3 9 K/Pi/7 MgBC J: 0#E1EVP 

P (y-m^jMlRl^/l') ^fK^ryT^ixT, 
/i-fe/^MtSX^ 7 fMOSFET»y-M: 

[0 114] Ztlizj:*)^ ±IBMOSFET<7)^-y«ffi 
i 0 ±1 E«E V CELL A*±tE* ^ n° is 9 C 3 0 fc# 

[Hl^N3 0ti63 l£MLfcffl:fifI^OSC#n^W<. 

)Vb SSHlSSDely icJ: OSSSHcOfiMC'f W«- 
?®BN3 2coa2jfI## J 'W I/^t^otl/^y 
7 hlllf&com^fi^a^W^i; LT±IEx-f -y^-M 
OSFETS;^7»tl>f)t, ^Vty^C3 0« 
F4>'7o-f ^#3&k & 0 . tMWKI 
k**. ^y-fert/fcBaWrJJEX-r yi- 

MO S FETOV — X, VUJym&V—riZi-yXft. 

[0 115] ^^-fe^U-^t-^lHlfi&Tli. #?fr3:P 

hfrhXhh. iIE/tV-^V(lfPONWWK;l, 
fEi"</Vi/7 MHlS^iftf^mffiv p P*^ra^W*ffitc 

«ra***'*s/*c 3 0A^ss^#fr*rft.& . - 

tllzXt). XU— 7"*— 1« (Sleep Mode) Tkjgffl'iTtg 
[0 116] -fe^'J-^^-^HISSti:. ECC0SSt;J; 

o^*>-«i'ixt'-y b^v^x-rs^kt'^TH^^rtg 

tc^r & . £ S'fi b' y h JiiaS<S#tt*V - vyu b' y 

3. Lfrtiii3S5«a*0. 0 lXfcTPCJbSfcib, U- 
?2gk LT£5£LTo<S.r,b#-e§3:V\ 03 2^ 

Xtfoi^^. EC CIHSSHJ: *)^*>-{3'ixb y F£^?7 



fct\ b;uy-?^-?0S&#V--7;Pb-y F 

■£lz£*)tel#>XV-7mbbX <MBWfi± t&hnb 

[ 0 1 1 7 3 H3 3 fcli. U Tf&felHi^)«SH# 
jj^flTOS. ( c ) ^dtJ'ftb'-y F (Tail-bit) CO 
SlEgHtf^fU (b) 7— V/Pb'yF (Normal-bi 
t) cOSUSH^^ixTV^. 

[0 118] 03 4 £(2. ^<7)^HJ^I>b^y-^^ 

~^^<D-mmm<r>m^oscmimmmti^tix 

±#9£J:9 |*iS«BSTART-UP©#fc:«k9l*i 

^^n^ratPONcOf^C. £b-yF -»>t»J7l/7 
^iiJj^^^Sfe-fSkMSLT, ffiiEI23 2cOJ:d3r-fe 
/1/7 U -7 t-^lHlSScOdr^^^^C 3 O^cOf-v— s/* 
T>y7** t fi : *>flS. 

[0119] .1 y 71/ y is jLCOfziibcrvwx S O 
SC2(i SflfcStt^iutRC^SRIIIRSrfflV^y >- 

* #&T-f h t , rtgpmil stop j: o p^gBmas 

Brl/CL£5. WT. ±IE<9J: o%*)lsV-?*-?® 
SSSrfOT L £flffifi# OSCtJ; 0, ®SB#T'{±*«; 1 0 

Sjg^s«i'«y7i/-yi/A^ti5iwL-r. ±aart« 

[0 1 20] ll3 5{C(i, ^cO^BJ^^DRAMtti 
itsxy— 7**— F (x— ys-n^N 0 y— ^-F) B#co 

•?» . - cons£0yT'c7)#S!(imTco 2 mz$>& . ( 1 ) 7* 

Iz-FmBEVPLTIi^Tff^^. iiHi. 7°1/-F 
^-yr^J: <07-?Z®.mZti&<7>Zffi±-tZ>fzisbX'h 
Z. (2)7- F«#ff«ff V P Pfct 7- F F A 
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HS&KJ: 9-tfdT-?fct$3£t y hSrfflv^Tr-^WM 
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[02 3] i^)»WKfljSECC|lI»Srfflv^^-ff-S 
[02 4] £0»Mf=a&ECCHft£Jtltvb4''4-*-$ 
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[03 6 3 £<3i^(cffi4DRAMfcRft4>*Urta» 

ff«iiio-ntt^j^^-rigs50Tj) & . 

[^COl^Bfl] 
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